Introduction
Viral hepatitis is a major public health problem throughout the world. The hepatitis A virus (HAV) is an unenveloped, single-stranded, positive-sense RNA virion [1] belonging to the family Picornaviridae, genus Hepatovirus [2] ; it is characterized by resistance to heat and acid. The particles were initially visualized in stools obtained from hepatitis A patients in 1973 [3] . HAV infection usually occurs through fecal-oral transmission, either by direct contact with an infected person or by ingestion of food or water contaminated with HAV [4] . Hepatitis A has an uneven worldwide distribution among different geographical regions and population groups. In many regions, the epidemiology of hepatitis A has been changing due to improved sanitation and living standards.
HAV infection in early childhood is usually asymptomatic or only mildly symptomatic. The relative frequency of symptomatic hepatitis and asymptomatic infection has been reasonably well characterized and is agedependent [5] . Regardless of the symptoms, seroconversion occurs after infection and convalescent individuals develop permanent immunity [6] . Improved hygiene and sanitary conditions have significantly reduced the incidence of hepatitis A infection. However, paradoxically, symptomatic HAV infections have been increasing in rapidly developing countries.
With improvement in socioeconomic conditions in Korea, early childhood exposure to the virus has decreased. Hence, there has been a gradual shift in the age of infection from early childhood to adulthood. Concomitantly, there has been an increase in symptomatic cases and in severe clinical outcomes including liver failure. In this review, we discuss the recent increase of symptomatic HAV infection, the shifting of seroprevalence of HAV in Korea, and the strategies for HAV vaccination in Korea and other countries experiencing a similar epidemiological shift in HAV.
Increasing Incidence of Symptomatic HAV Infection in Korea
The rapid improvement of living standards and sanitation due to economic growth has been associated with an equally rapid decrease in age-specific anti-HAV prevalence, whilst paradoxically at the same time the incidence of clinical disease has increased. In highly endemic areas, people become infected with HAV during early childhood and acquire anti-HAV antibodies before 10 years of age. As infections in early childhood are either asymptomatic or mild, hepatitis A is not a clinical problem and the virus is identified only by serological studies or the occurrence of infection among visitors. In intermediate or transition areas, HAV circulation has been reduced by improved hygiene conditions and socioeconomic status. Those who become infected in intermediate or transition areas are older than those in highly endemic areas, and the incidence of symptomatic hepatitis A is higher in adolescents and adults. Frequent outbreaks of hepatitis A are recognized as a serious public health problem [7] . In low endemic areas, the rare occurrence results in populations that do not have immunity. Susceptible adults who are exposed to HAV infection and symptomatic hepatitis A are mostly high-risk groups such as child-care providers, family members of patients, travelers to endemic areas, drug abusers and men who have sex with men.
Until 30 years ago, most adults in Korea had immunity to HAV. However, the number of adult cases of acute hepatitis A has progressively increased during the last 2 or 3 decades, reflecting the changing epidemiology of HAV due to the rapid improvement in socioeconomic status [8] . The Korea Centers for Disease Control and Prevention reported that the number of symptomatic HAV infections has been increasing exponentially since 2006 ( fig. 1 ). This changing pattern of hepatitis A epidemiology has been observed in many Asian countries, shifting from hyperendemicity to low endemicity, especially in recently developed and affluent metropolitan communities [8] [9] [10] [11] .
Hepatitis A Epidemiological Shift and Regional Heterogeneity in Seroprevalence in Korea
The improved socioeconomic status, urbanization, ethnic origin and access to clean water and sanitation have changed the epidemiology of hepatitis A. The distribution of anti-HAV seroprevalence by age might reflect the current hepatitis A status in various regions and countries [12, 13] . The peak age of seroprevalence is shifting from the first decade of life to the second, third, fourth and even fifth decades. This shift in age of acquiring the infection from childhood to older age groups is referred to as an epidemiological shift. In the past, hepatitis A was not a major problem among adults in Korea, since almost all Koreans acquired anti-HAV antibodies through natural infection during childhood, when the disease is usually asymptomatic. During 1982, the anti-HAV seropositivity in Korean children under 10 years of age, was about 45%, whereas in adults over 20 years of age it was more than 90%. With improved economic status and sanitation, a seroepidemiology survey from 1982 to 2006 showed that the age-specific seroprevalence of HAV antibody decreased dramatically among all age groups ( fig. 2 ) [14, 15] . Consequently, several outbreaks of hepatitis A have occurred in Korean young adults during the past 2 or 3 decades. HAV outbreaks represent the transition from an endemic HAV transmission pattern to an epidemic pattern. The marked reduction in virus transmission in most developed countries occurred several decades ago due to improvement in living standards, better sanitation and environmental status in addition to higher incomes. The same trend has been observed in several developing countries with increasing economic prosperity during the 1990s, e.g. Spain, Greece, Israel, Singapore and other countries [16] [17] [18] [19] . Therefore, it is highly likely that this increasing trend of hepatitis A cases in young adults is a reflection of the recent shift of HAV epidemiology, suggesting that increasing numbers of adults do not have protective antibodies against HAV [15] .
Furthermore, an evolving epidemiological shift is occurring in certain areas, and among certain groups of populations in Korea. A recent study showed that the seroprevalence was higher in residents of the provinces when compared to those of Seoul in the age group below 40 years, and that the seroprevalence in the less affluent areas was higher than in the more affluent areas, even in Seoul [20] . Such findings have also been observed in Saudi Arabia, China and Latin America [10, 21, 22] . Therefore, heterogeneous populations are likely to co-exist within the same geographic areas, with diverse economic and social classes in Korea. The rapidly evolving epidemiological shift and regional heterogeneity might be the underlying cause of a rapid increase of symptomatic HAV infection.
Effect of Vaccination
The social and economic burden of the morbidity and mortality associated with hepatitis A has led to the development of several vaccines. The hepatitis A vaccine is an inactivated preparation of cell culture-adapted HAV that has been used in many parts of the world. Since 1997, hepatitis A vaccines have been available in Korea. Hepatitis A vaccines are highly effective in preventing hepatitis A in individuals and in reducing community outbreaks [23, 24] . Epidemiological studies and economic evaluations of hepatitis A vaccination reported elsewhere in various risk groups, such as adolescents in Hong Kong [9] , health-care workers [25] , frequent travelers [26] or military personnel [27] , have suggested that vaccination is indeed cost-effective. However, recommendations for the use of hepatitis A vaccine vary considerably among different countries. In Israel, a universal toddlers-only immunization program without catch-up vaccination has demonstrated high efficacy and excellent herd protection, which has led to the questioning of the need for a catch-up vaccination program [24] . In 2005, encouraged by the success of targeted vaccination, the American Advisory Committee on Immunization Practices recommended universal childhood HAV vaccination in all children between the ages of 12 and 23 months in the United States. That decision was based on the favorable results of a cost-effectiveness analysis of routine childhood vaccination [28] . A study from Chile also supports the cost-effectiveness of universal childhood hepatitis A vaccination [29] .
Potential Strategies for HAV Vaccination in Korea
Strategies to immunize and protect against HAV infection can be broadly categorized into 3 groups. The first option is to have an immunization strategy that focuses on the individuals/groups at high risk. The target should be individuals at increased risk for infection or its complications. The second intervention type is designed to avoid outbreaks of HAV among susceptible populations. In Korea, the most vulnerable population for symptom- atic HAV infection is the 10-50-year age group. The third strategy is to vaccinate all children regardless of their individual risk status for acquiring HAV infection, with the ultimate aim of eliminating the infection from the community. All of these options are likely to prevent/minimize the risk of HAV disease in susceptible adults. When the anti-HAV seroprevalence rate is high, selective vaccination according to the anti-HAV serostatus is more cost-effective than a universal vaccination program. In an analysis of the cost-effectiveness of different vaccination strategies, Saab et al. [30] found that screening for anti-HAV was less costly than vaccination, without checking the HAV serology, when the anti-HAV prevalence exceeded 35% and the cost of serological testing was less than USD 25. In patients with chronic liver disease, the results of a study performed in Korea suggested selective vaccination programs for 31-to 40-yearold patients (anti-HAV rate of 64-85%) and universal vaccination for patients younger than 31 years of age (anti-HAV rate of 0-34%) [31] . In addition to the seroprevalence data, the cost of serological testing, the cost of vaccination, and the likelihood of the occurrence of a clinically significant HAV infection should be determined to facilitate the identification of the most efficient vaccination strategy.
In accordance with the recent increase in the frequency of HAV vaccinations, the HAV seroprevalence of a Korean pediatric population younger than 10 years of age has been reported to be about 50%, probably as a result of private immunization [17] . Therefore, an active campaign for childhood vaccination and government-sponsored nationwide routine vaccination of children against HAV should be considered. However, only about 10% of the age group between 10 and 30 years have positive anti-HAV (IgG), indicating a missing age group with regard to HAV vaccination [15] . In addition to routine childhood vaccination, catch-up vaccination, which is directed at the age group of 10-50 years, should be considered. This would rapidly reduce the disease burden of hepatitis A in Korea and other countries that are experiencing an epidemiologic shift similar to the one in Korea; however, further discussion about this issue is needed. Pre-vaccination serological testing can certainly reduce the cost, especially in the 30-50-year age group, while it might not necessarily in the 10-30-year age group [15] . Furthermore, adoption of a vaccination program for high-risk groups and for people with chronic liver disease should also be considered [31, 32] . Further nationwide largescale studies, including the active evaluation of the clinical significance of acute HAV infection and cost-benefit analyses of different vaccination strategies in different age groups, will provide important information needed for designing an optimal vaccination strategy.
Conclusions
Heterogeneous populations of susceptible and exposed individuals may co-exist in rapidly developing societies. Thereafter, outbreaks of HAV infection will remain a threat in such areas. HAV seroepidemiology in Korea is rapidly changing and a growing number of adolescents and adults are susceptible to HAV infection. Furthermore, heterogeneous populations are likely to co-exist within very close geographic areas. An active campaign for universal childhood HAV vaccination should be continued and catch-up vaccination, which is directed at 10-50-year-olds, should be considered in Korea and other countries experiencing similar issues. Additionally, conventional high-risk groups and more vulnerable groups at risk for developing fulminant hepatitis (such as travelers to highly endemic areas, patients medicated with clotting factors and patients with chronic liver disease) should be vaccinated. To provide evidence-based recommendations for HAV vaccination, an urgent nationwide survey of HAV seroepidemiology as well as a regional surveys and studies of the cost-effectiveness of vaccination of each vaccination strategy are needed.
